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come upon one such trend in Chapter 10: the general tendency for ionization 
energy to increa.se along any row of the periodic table. Our discussion in this 
and subsequent chapters will reveal other similar horizontal trends in chemical 
and physical properties. In addition, important diagonal relationships appear: 
There are often similarities between an element and its diagonal neighbor in 
the succeeding column and roio of the periodic table. To make the existence of 
such relationships clear, and to emphasize the usefulness of the periodic table, 
in the remainder of this chapter we shall discuss some of the clearer trends in 
the properties of the elements and of some of their common compounds. 

13.2 PERIODIC PROPERTIES 

A very large number of chemical and physical properties of the elements vary 
periodically with atomic number. Some of these properties are related to the 
electron configurations of the atoms in quite obscure and complicated ways, 
while others are more susceptible to interpretation and explanation. These 
latter properties, such as electrical conductivity, crystal structure, ionization 
energy, electron affinity, possible oxidation states, and atomic size, are related 
to each other and to the general chemical behavior of the elements. Thus an 
appreciation of the importance of these particular properties, and of how they 
vary throughout the periodic table, will help us to correlate, remember, and 
predict the detailed chemistry of the elements. 

Electrical and Structural Properties 

The chemical elements can be classified as metals, nonmetals, and semimetals on 
the basis of their electrical properties alone. Metals are good conductors of 
electricity, and their electrical conductivity decreases slowly as temperature is 
increased. The nonmetals are electrical insulators: Their ability to conduct 
electricity is either extremely small or undetectable. The electrical conductivities 
of semimetals or semiconductors are small but measurable, and tend to increase 
as temperature increases. Electrical conductivities are usually measured in 
units of ohm 1 - cm \ and a conductivity of 1 ohm" 1 • enr 1 means that if a 
potential difference of 1 volt is applied to opposite faces of a 1-cm cube of 
material, a current of 1 amp will flow. The electrical conductivities of metals 
are, in general, greater than approximately 1 X 10 4 ohirT 1 • cm" 1 , as Table 13.2 
shows. The shaded group of semimetals have small conductivities (in the range 
from 10 to 10 5 ohm" 1 • cm" 1 ) that are sensitive to impurities, and nonmetals 
have even smaller conductivities (i.e., are insulators). 

Table 13.2 shows that the metallic elements appear in the left-hand part of 
the periodic table, and are separated from the nonmetals by a diagonal band of 
semimetals that runs from boron to tellurium. The classification of elements 
close to this group of semimetals is not always straightforward, for several of 
the elements of groups IVA, VA, and VIA occur in different allotropic forms, 
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Table 13.2 The electrical conductivities of the 
elements in units of 10 4 ohms- 1 - cm -1 
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each of which has different electrical properties. For example, the a-phase of 
tin, sometimes called grey tin, has the diamond type of crystal lattice found in 
silicon and germanium, and like these elements, grey tin has the electrical 
properties of a semimetal. On the other hand, white tin, the 0-phase that is 
stable above 13°C, is a metallic conductor. As another example, white phos- 
phorus, a molecular solid of P 4 units, and red phosphorus, which has a complex 
chain structure, are both electrical insulators and thus are of nonmetallic 
character. In contrast, the allotrope black phosphorus has a crystal structure 
made up of corrugated sheets, as shown in Fig. 13.2, and in this form phos- 
phorus behaves like a semimetal. Similar phenomena are found for selenium. 




The crystal structure of the 
black phosphorus allotrope. 
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